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Introduction
Rel-17 WI for MG enhancement was approved in RAN#89, and the latest WID can be found in [1]. One objective of the WI is to support NCSG.
	1. 
1. 
1. Network Controlled Small Gap (NCSG) specification [RAN4, RAN2]
0. RRM requirements for NCSG [RAN4]
0. Requirements for Visible Interruption Length (VIL) for different numerologies in FR1 and FR2 
0. Specification of NCSG patterns, Measurement Length (ML), and Visible Interruption Repetition Period (VIRP)
0. Requirements for DL reception and UL transmission during ML, before start VIL and after end VIL
0. Measurement requirements with NCSG
0. Specification of applicability of NCSG patterns [RAN4]
0. Procedures and signaling for NCSG patterns [RAN2]


In this paper we will provide our initial views on NCSG.
Discussion
Use cases
The need for MG comes from the fact that UE has to re-tune its RF chain from the serving carriers to the target carriers, and it causes data interruption on the serving cell during the whole MGL time, as shown in Figure 1(a). 
Some UE, especially CA capable UE, has additional RF chain which can be used to measure the target carriers, or the serving RF chain can be re-tuned to cover the target carriers, and as a results there is no data interruption on the serving cells during the measurement time. However, depending on UE RF architecture the adjustment of the spare or serving RF chain may still cause small interruption before and after the measurement time. Of course, these interruptions are still within the MG length, which means UE can still perform the measurement with MG, however the interruption during the measurement time is unnecessary. NCSG is to utilize the enhanced RF capability at the UE side and reduce the data interruption due to RRM measurement. 
As shown in Figure 1(b), instead of having the whole MGL as interruption time, with NCSG the interruption is only allowed during VIL1 and VIL2 which are for RF adjustment before and after the measurement, and there is no data interruption during the ML. The combination of VIL1-ML-VIL2 repeats periodically allowing UE to do periodical RRM measurement. 
[image: ]
Figure 1: Illustration of MG and NCSG
NCSG was supported in LTE via Rel-14 MG Enhancement WI. As NCSG is based on additional UE RF resources, the key point in utilizing NCSG is that UE reports its RF capability so that NW knows whether UE needs MG, NCSG or no-MG-no-NCSG to do the measurement, and can configure accordingly. This is achieved via the PerCC-GapIndicationList-r14 signalling as below. 
PerCC-GapIndicationList-r14 ::=	SEQUENCE (SIZE (1..maxServCell-r13)) OF PerCC-GapIndication-r14

PerCC-GapIndication-r14 ::=			SEQUENCE {
	servCellId-r14								ServCellIndex-r13,		
	gapIndication-r14							ENUMERATED {gap, ncsg, nogap-noNcsg}
}
As the use case for NCSG is rather similar in NR, it is reasonable to enable support of NCSG based on similar capability reporting. One difference is that in LTE the NCSG can be either per UE (NCSG applies to all serving CCs) or per CC (NCSG applies to some of the CCs but not all), but in NR only per UE and per FR MG are supported. 
Proposal 1: Support per UE and per FR NCSG for RRM measurement based on UE capability reporting.
NCSG pattern and related requirements
As discussed in section 2.1, NCSG is characterized by VIL1-ML-VIL2 which is repeated with VIRP. In LTE, 4 NCSG patterns are defined in Table 8.1.2.1.2-1 of 36.133. NCSG pattern #0 and #1 are corresponding to MG pattern #0 and #1 for sync DC (and non-DC case), and NCSG pattern #2 and #3 are corresponding to MG pattern #0 and #1 for async DC.
For NR, 24 MG patterns are defined for RRM measurement, and it is reasonable to define NCSG pattern for each of them. Actually, there is no need to explicitly define 24 NCSG patterns, instead an NCSG pattern can be defined from each of the MG patterns. If we look at the NCSG pattern and its corresponding MG pattern in LTE, e.g. NCSG pattern #0 and MG pattern #0, for sync DC and non-DC cases 
· VIRP is the same as MGRP
· VIL1 is fixed as 1ms for DL and UL, and VIL2 is fixed as 1ms for DL 2ms for UL
· ML is fixed 4ms, 
The RF re-tuning time for MG in LTE is assumed to be 0.5ms each before and after the measurement, so VIL for DL is defined as 1ms which is 0.5ms rounded to subframe length. 
VIL2 for UL is defined as 2ms for the same consideration of UE Tx behavior after MG, i.e. because of TA in UL Tx, the next subframe after VIL2 may be also impacted. We see actually two ways for the specification to address the UL Tx issue, 
· Option 1: to specify different VIL for UL and DL. This is the way in LTE, but in our view the UL Tx after VIL1 has the same issue, so a longer VIL for UL should be defined for both VIL1 and VIL2.
· Option 2: to keep same VIL for UL and DL, and apply the same UE behavior as for UL Tx after MG.
We slightly prefer option 2 in NR as it aligns with the requirement for MG. Technically, MG is used for DL measurement, so the MGL is defined w.r.t. DL timing, and the impact to UL Tx is better to be defined independently of MGL. The same consideration applies for VIL in NCSG.
Proposal 2: Define same VIL for UL and DL. UE UL transmission behaviour after VIL1 and VIL2 is same as that after MG.
In LTE, separate NCSG patterns are defined for sync DC and async DC, with one more interrupted subframe per VIL for async DC. In our view, a better way to address the async DC is to follow the same way of how MG interruption is defined in 38.133, i.e. to keep the same VIL and define different interrupted slots for sync and async. Basically, slots that overlap with the VIL is considered as interrupted, and UE should be able to receive and transmit in all the other slots including the ML.
Proposal 3: Define same VIL for sync and async DC cases. Slots that overlap with VIL is considered as interrupted, and UE is required to receive and transmit in all the other slots including the ML (except UL slots after VIL).
As to the exact number of VIL, following the LTE principle, we suggest to use 0.5ms if the NCSG pattern corresponds to MG pattern #0-11, and 0.25ms if the NCSG pattern corresponds to MG pattern #12-23. ML is the remaining time of the MGL excluding VIL1 and VIL2. As such, an NCSG pattern can be defined for each MG pattern.
Proposal 4: Define an NCSG pattern for each of the MG pattern #0-23, where
· VIRP is same as the corresponding MGRP
· VIL is 0.5ms if it corresponds to MG pattern #0-11, and 0.25ms for MG pattern #12-23 
· ML is the corresponding MGL excluding VIL1 and VIL2
Measurement requirements with NCSG
In LTE, when UE is configured with NCSG, inter-frequency and/or inter-RAT measurement requirements are same as MG is configured. This means the measurements are considered as MG based.
	A UE that is capable of identifying and measuring inter-frequency and/or inter-RAT cells without gaps, but needs interruption, and is configured with the network controlled small gap for such measurement (NCSG Pattern Id #0-3) shall follow requirements as if Gap Pattern Id #0 or Gap Pattern Id #1 had been used and shall not make any autonomous interruption outside the visual interruption of the configured network controlled small gap for the measurement., and the minimum available time Tinter1 of 60 ms and 30 ms shall be assumed for the corresponding requirement for visible interruption repetition period (VIRP) of 40 ms and 80 ms, respectively.


In NR, a measurement is categorized as either measurement without MG or measurement with MG:
· Measurement without MG is performed on measurement resources outside MG (the measurement requirements need to account for the measurement resources punctured by MG), and applies CSSF outside MG
· Measurement with MG is performed on measurement resources within MG (the measurement requirements need to account for the MGRP), and applies CSSF within MG
When NCSG is configured, it can be expected that there can be two measurement types, one requires NCSG, and the other does not require MG or NCSG. There should be no measurement requiring MG, as in this case a MG should be configured instead of NCSG. 
For measurement that requires NCSG, it can only be performed within the ML of the NCSG. For measurement that does not require MG or NCSG, it is a question whether UE is assumed to measure it during ML or not. 
· If UE does not perform measurement that does not require NCSG or MG during ML (meaning UE only performs measurement that requires NCSG), it means the NCSG is same as MG for such measurements.
· If UE also performs measurement that does not require NCSG or MG during ML, it means there is no need to exclude the measurement resources within NCSG for such measurements, but the ML occasions need to be shared between the two types of measurement.
Proposal 5: Further discuss two options for measurement during ML 
· Option 1: UE only performs measurement that requires NCSG 
· Option 2: UE performs both measurement that requires NCSG and measurement that does not require NCSG or MG
Conclusions
In this paper we provided our initial views on NCSG.
Proposal 1: Support per UE and per FR NCSG for RRM measurement based on UE capability reporting.
Proposal 2: Define same VIL for UL and DL. UE UL transmission behaviour after VIL1 and VIL2 is same as that after MG.
Proposal 3: Define same VIL for sync and async DC cases. Slots that overlap with VIL is considered as interrupted, and UE is required to receive and transmit in all the other slots including the ML (except UL slots after VIL).
Proposal 4: Define an NCSG pattern for each of the MG pattern #0-23, where
· VIRP is same as the corresponding MGRP
· VIL is 0.5ms if it corresponds to MG pattern #0-11, and 0.25ms for MG pattern #12-23 
· ML is the corresponding MGL excluding VIL1 and VIL2
Proposal 5: Further discuss two options for measurement during ML 
· Option 1: UE only performs measurement that requires NCSG 
· Option 2: UE performs both measurement that requires NCSG and measurement that does not require NCSG or MG
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